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Example 1: 

Ex vivo oti flooded lung: an artificial model of hydrostatic edema simulating the 
symptoms seen in heart failure. 

Description of the model 

In this model edema is induced by insiillating 2 ml of 0.9% NaCi solution intratracheally* 
Alternatively, edema formation can be modulated by varying the height of the venous outflow 
and the perfusion buffer containing reservoir, or alternatively by varying the time the lung is 
exposed to the elevated pressure. The isolated lungs can be treated before or after edema 
generation by intratracheal instillation with ihe TNF-iip peptide (human or mouse), 
recombinant TNF (humaru rat or mouse), Terbutaline or PBS. The clearance of alveolar fluid 
from the lung is calculated by means of measuring the concentration of HSA, which is added 
to the mslillate over time. Alternatively, the over time weight loss as a measure of edema 
resorption (high weight loss is high liquid clearance), of the artificially instilled lung can be 
measured. The lung tidal volume, compliance and weight are monitored continuously during 
the experiment. At the end of the experiment bronchoalveolar fluid and supernatant of lung 
homogenate is taken for measurement of inflammatory mediators. 

Procedure 

The lungs of female Wistar rats (weight 200 - 250 g; Harlan- Wir&elmann. Borehen. 
Germany) are prepared after terminal ip. anesthesia by 160 mg/kg pcntobarbi rural -Na 
(Merial Ltd, Halbsrmoos, Germany) and perfused as described by Uhlig and WoJin (1994), 
and by Uhlig and von Bethmann (1997). All equipment is obtained from Hugo Sachs 
Electronics (March-Hugstetten, Germany). Lungs are perfused at constant hydrostatic 
pressure (12 cm H20) through the pulmonary artery, which resulted in a flow rate of 
approximately 35 mVmin. As perfusion medium, a Krcbs-Henscleit buffer (3S°C) containing 
2% bovine serum albumin (Fraction V t Serva, Heidelberg, Germany), 0.1% glucose (Riedd- 
de-Haen Inc., Seelze, Germany), and 0.3% HEPES (ICN Biomedicals inc., Ohio, USA) is 
used. The total amount of recirculating buffer is 100 ml. The lungs are suspended by the 
trachea and ventilated by negative pressure ventilation (inspiratory pressure: -7 cm H2CX 
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expiratory pressure: -2 cm H20) with 80 breaths per minute resulting in a tidal volume of 
approximately 2 ml. Every 5 minutes, a deep inspiratory breath (-20 cm H20) is j>erfonned. 
Artificia! thorax chamber pressure is measured with a differential pressure transducer 
(Validyne DP 45-14), and an air flow velocity with a pneumotachograh tube (Fleisch Type 
0000) connected to a differentia! pressure transduce (Validyne DP 45-i5). The perfusate flow 
(Narcomatic RT-500) and the arterial and venous pressure (Statham P23BB) are continuously 
monitored. The pH of the perfusate before entering the lung is kept at 7.25 to 735 by 
automatic bubbling of the buffer with CO! as soon as the pH exceeds this range. A weight 
transducer is integrated into the chamber lid which allows the continuous assessment of lung 
weight. Data are recorded on a Pentium IJ computer using the Mathlab Sofware package 
(Math works, Inc. Nattick MA S USA). Forking mechanics, the data are analyzed by applying 
the following formula: 

P=l/C* V T 4- R L dV/dT 

Where P is chamber pressure, C pulmonary compliance, V T tidai volume, and airway 
resistance. All lung physiology parameters were normalized to time point 0. Le. after the end 
of the preconditioning perfusion of 40 minutes. 

Results 

Tables I and 2 summarize the weight loss of the ex vivo treated lung measured either 100 
minutes or 80 minutes after instillation. 

The following treatments were applied for the weight measurement at 100 minutes after 
instillation: 

control treatment with saline 

I mM Tcrbutalin either alone or in combination with 10 [xM Amiloride or 500 ug 
Chiiobiose 

recombinant human TKF at a concentration of 5 jJg'Tung either alone or in combination 
with 1 0 uM amiloride, 500 \ig Chiiobiose or 500 ug cellobiose 
- Synthetic human TNF-tip peptides at a concentration of 1000 ug/lung (either cyclic hum 
Ltip: CGQRETPEGAEAKPWYC the short peptide: CTPEGAEC (STip) or the cyclic 
mutant peptide: CGQREAPAGAAAKPWYC (hum mut Tip)). 
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For the weight loss assessment after SO minutes, the following treatments were compared: 
control treatment with saline 

1 mM Terbutaiin either alone or in combination with 1 0 u.M Arniloride 

- recombinant human TNF u a concentration of 5 ug/!utig either alone or in combination 
with 1 0 pM Amiloride or 500 ug chitobiose 

* recombinant mouse TNF or rat TNF at a concentration of 5 ug/lung 

- Synthetic human TNF-tip peptides at a eoneemratton of ! 000 ug/lung (either cyclic hum 
Ltip, the linear hum Ltip; CGQRETP EGA E AKPWY, the STip* or the cyclic mutant 
peptide (hum raut Tip)). 

The results clearly demonstrate that terbataline, TNF as well as the synthetic peptide is 
capable of clearing alveolar fluid content ex vivo after intratracheal instillation of the 
molecule. The effect can be specifically blocked by co-treatment with amiloride or chitobiose 
but not by ceilohiose. The lecfin-deficient peptide (hum mm Tip) wherein the TPEGAE is 
replaced by APAOAA is inactive in clearing alveolar fluid content 

The data also demonstrate that the cyclic long, the linear long and the short peptide are 
equally active in fluid clearance when measured 80 minutes after instillation. The linear 
peptide is less active when measuring for S 00 minutes after instillation. 

Example 2: 

Rat model of iiing reperfusion injury (warm ischemia and reperfusion): a model of 
Acute Respiratory Distress Syndrome fARDSK 

Description of the mode! 

In a modification of the model of Ohno et ah (.1993) male Fischer (F344) rats (200 - 250 g) 
undergo clamping of the left pulmonary artery, pulmonary vein and main bronchus for 36 
minutes of warm ischemia. After reperfusion of the left lung, the right lung is occluded to 
assess the function of the left lung for 90 minutes. "The peptide is given at 3 minutes after 
reperfusion by either instillation or intravenous injection via the subclavian vein. 
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Procedure 

1. Anaesthesia of the rat in a glass chamber. 4% Halorbane and Oxygen 4/min. 

2. intubation of the rat with a 1 ,8 mm catheter. 

3. Shaving the fur on the abdomen and left side of the animal. 

4. Ventilation via the trachea! tube lOO.'min. 2.5 ml 20% oxygen, Harvard Rodent Ventilator 
(Harvard Apparatus, South Naticlc Massachusetts), PEEP 5 mm H20. 

5. A left thoracotomy is carried out in the in 4 5h intercostal space. 

6. Dissection of the left lung hilar region. 

7. Microvascular clips are placed around the left pulmonary artery (PA), Pulmonary vein 
(PV) and left main bronchus <B) to induce warm ischemia of the kfi lung. Small 
circulation is siiil ongoing through the right lung. This is the start of the Warm ischemia 
Time (WIT). 

8. Anaesthaesia Is maintained with 2% Halothane, 40% Oxygen, 

9. A provisory Z suture is made to temporary close the thoracotomy and a gaze sponge is put 
on the animal to decrease warmth loss. 

10- Near the end of the WIT. □ thoracophrenotaparatomy in the midline with thorough 

eiectrocaterisation. (two peans on the sternum). 
] 1 . Putting 2-0 Softsilk on the trachea around the intubation rube, 
1 2. Dissection of the right hilar elements. 

L\ Taking away microvascular clips from the left hilar elements. End of WIT of the left lung 
after 36 minutes, 

14. Putting microvascular clips on right PA and 3. Small circulation only through left lung. 
Start developing ofleft oedema time (LLOT). 

15. Afier 3 minutes of LLOT; instillation of the drug in 0.5 ml of 0.9% saline solution 
(Baxter) or injection of the drug in 0.25-0.3 ml of 0,9% saline through the subclavian vein, 

16. After 6, 30 T 60 and 90 minutes of LLOT, puncture of the Aortic .Arch (AA) with needle 
for blood gas analysis in Radiometer ABL 700 Serie. (Denmark). 

1 7. After each puncture the AA puncture hole is pressed with a cotton swab. 

18- Blood gas analysis is taken every time from AA (the heart rate should be over 60). 

19. After the last blood gas analysis (90 minutes), both lungs arc Hushed via the PA with 20 
ml of 0.9% saline at a pressure of 20 cm H20. Thereto the right atrium and vena cava 
inferior are incised and a rubber hose is inserted into the PA main steam. The bean-lung 
block is excised for storage under formaline or in the freezer awaiting 
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immunohistopathologicai analysts. Alternatively, the lung can be excised without 
flushing to assess wet to dry ratio's, 

Results (fig. 1) 

The graph represents the p02 levels that can be measured over time at the start of the LLOT 
in she differently treated animals. The control line (either no Treatment or saline treatment) 
clearly shows the seventy of the treatment since only very low p02 levels can be measured 
(below 100 rnmHg) and the animals have clearly breathing problems since their lungs are 
filled with wafer, Animals treated with the control peptide (hum mut Tip: 
CGQREAPAGAAAKPWYC with a disulfide bond between Cys at position 1 and position 17 
and wherein the TPEGAE of the sequence of the peptide was replaced by APAGAA and 
wherein the lectin binding activity and membrane conductance activity (patch clamp) was 
lost) followed completely the values seen in the controS animals. 

The cyclic bum Uip peptide: CGQRBTPEGAEAKPWYC (with a disulfide bond between 
Cys at position 1 and position \ 7) treated animate (and this over a broad dosage range, 
extending from 500 ^tg'Tcg to 5 ug/kg> have significantly much better p02 levels and lower 
pC02 levels (data not shown) and are less suffering from fluid overload. 
Interestingly, this is also a very rapid effect since better p02 levels can already be measured at 
the first time point at six minutes after reperfusion. 

In the warm ischaemia repediision model a significantly increased gain in p02 blood gas 
could be observed upon iv application of the synthetic peptide while no effect could be seen 
when treated with the synthetic lectin deficient control peptide or in untreated animals. 
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Example 3: 

Single left lun£ transplantation in syngeneic rats : a model of lung transplantation 
Description of the mode] 

Female Wistar of Fischer rats or weighting 250 to 260 g undergo orthotopic single left lung 
transplantation after 20 hours cold ischemia using a cuff technique for the vessel anastomoses 
and a conventional running suture for the bronchia! anastomosis. 

Procedure 

Donor procedure : Animals are anesthetized by intraperitoneal administration of pentobarbital (50 
mg/kg) and heparinized (500 l,U,/kg). A tracheotomy is performed and the animals are ventilated 
trough a cannula with 100% O^by a Harvard rodent ventilator (Harvard apparatus* South Natiek* 
Massachusetts) at a tidal volume of 10 ml/kg. After cutting the inferior vena cava and resection 
of the left appendix of the heart, a small silicon hose is inserted into the main pulmonary artery. 
Both lungs are flushed with 20 cc of low-potassium dextran -solution (LPD) (Perfadex®. Rabi 
Pharmacia, Sweden) at a pressure of 20 cm H^O- The trachea i$ then tied in end-inspiration. After 
removal of the heart-lung blocks 14 gauge cuffs are placed around the pulmonary artery and vein, 
and the vessels are inverted and tied onto the cuff. The lung is stored in LPD solution at 4 C C until 
implantation. 

Recipient procedure : Transplantation was performed after 20 hours of cold ischemia (4^C). The 
recipient is anesthetized by breathing Halothane in a glass chamber, intubated, and anesthesia is 
maintained with Halothane 2%, A left lateral thoracotomy is performed in the 4 Jil intercostal 
space. The left hilium is dissected. After clamping the pulmonary artery and vein with removable 
microciips. the pulmonary vein is opened, flushed with heparinized saline solution, and the cuff 
is inserted and fixed with 6-0 Silk. In the same way, the pulmonary artery is anastomosed. The 
native left lung is removed and the bronchia! anastomosis performed with a running over-and 
over suture with 9-0 Monosof® (Autosuiure, Switzerland), The lung is first re-ventilated and 
then reperfused. A chest tube is inserted and the thoracotomy closed. The chest tube is removed 
after restoration of sufficient spontaneous breathing. 

Typically, the animals tolerate the procedure well and start eating about one hour after 
extubation. 
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Administration of the drug : The synthetic peptide was administered by instillation in the left mair 
bronchus of the donor lung via a little cut in the most proximal pan of the bronchus. 20 minutes 
before transplantation in a total volume of 0.5 ml of 0.9% saline. The peptide could also hi 
applied intravenously to the recipient animal directly after transplantation. Both treatment: 
(instillation of the donor lung and intravenous application to the recipient animal) could also b« 
combined. 

Alternatively, the peptide can also be applied in the perfusate during ehe perfusion of the done 
lung. 

Assessment: - Arterial blood gas analysis : 

Recipient animals were anesthetized 24 hours after reperfbsion. Each animal was ventilated 
with an FT02 of 1 .0, a frequency of 100 breaths/minute., and a tidal volume of 8 ml/kg body 
weight by a tracheotomy. For functional assessment of the transplanted left lung, the right 
hilium was dissected and the right pulmonary artery and right main bronchus were occluded 
with microvessel clips. Five minutes after occlusion* a steady state was reached and an arterial 
blood gas sample was drawn from the thoracic aorta. 

Results (Fig. 2) 

In the model, p02 levels of the transplanted control animals (either no treatment or treatment 
with saline) are low laying around 56-W-7 nirnHg. As can be clearly seen from the elevated 
blood gases, the cyclic huni UTip (with a disulfide bond between Cys at position 1 and 
position 17) given by intratracheal application al a concentration of 500 fig/kg restores very 
efficiently the lung function of the donor lung. Normal p02 values of 395 +A95 tranHg are 
reached by pre-treatment of the donor lung with the TNF-tip peptide. 
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Example 4: 

Identification of th e al veo la r edema reabso rption acthi ty of Turner Necrosis Factor 

MATERIALS AND METHODS 

TNF and TNF-derived peptides. 

Escherichia cofr-derived recombinant murine TNF (further referred to as TNF in the text) was 
synthesized as described by Lucas ei al, 1994 and Lucas et ai, 1997. A long tip peptide 99- 
1 1 5 (cyclic mil Lap) was synthesized with the use of Fmoc-a-amino group protection (Fields 
et a/-, 1990) and purified with a CI S reversed-phase high-performance liquid chromatography 
column. 

To retain the original TNF conformation as much as possible, Ltip peptide was circularized. 

99 1W 

Ser of the TNF sequence was replaced by Cys. and Cys by Gly so that the disulfide bridge 

could be formed between Cys and Cys in die peptide. As a control peptide, a scrambled 
rip peptide was used, consisting of the same amino acid composition as the tip peptide, but in 
a random order. 

Cyclic mil Ltip: CGPKDTPEGAELKPWYC 

Cyclic mu scrambl Tip: CGTKPWELGPDEKPA YC 

Animals and animal preparation. 

Mice. Male CS7BU6 TNF-R1 /TNF-R2 double knock-out mice (Bruce et af. 7 1996) (n « 8, 
20-30 g) and C57/BL6 wild type mice (n - 8. 20-30g) were purchased from the Jackson 
laboratory (Bar Harbor, ME, USA). These animals were housed in air-filtered, temperature- 
controlled units with food and water. All procedures were approved by the University of 
California San Francisco Committee on Animal Research. 

In situ mouse model. Mice were killed by an overdose of pentobarbital sodium (200 mg/kg 
i.p.). A tracheotomy was done with a 20-gauge trimmed angiocath plastic needle (Becton 
Dickinson^ Sandy, UT, USA). The lungs were inflated with 7 cm H 2 0 continuous positive 
airway pressure (CPAP) with 100 % oxygen throughout the experiments. Body temperature 
was maintained at 37~38*C by an infra-red lamp placed 30 cm above the body (Fisher, Santa 
Clara, CA„ USA). The lamp was cycled on and off to maintain the core temperature. A 
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temperature probe (Yellow Springs Instrument Yellow Springs. OH, USA) was inserted via a 
0.5 era incision into the abdominal cavity to monitor the core temperature throughout the 
experiment These methods have been reported in Matthay et a/., 1996 and Ma et al, 2000. 
The instlllate consisted of 5 % bovine serum albumin (Sigma Chemical, St, Louis. MO) with 
Ringer's lactate that was adjusted to be isoosrnolar with mouse plasma (Matthay et a!., 1996 
and Ma ct aU 2000). Wild type mTKF {0-5 u.g/mice) was instilled into the distal lung. We 
added 0.1 iiCi of l3l I-labeiled albumin (Merck-Frost Montreal, PQ, Canada) to the instillate 
as a labeled alveolar protein tracer. 

Group i: Basal alveolar fluid clearance in the wild type mice (n » 3) and TNF-R1/TNF-R2 
double knock out mice (n = 3). 

Group 2; Effect of wild type mXNF (0.5 ug/mouse) stimulated alveolar fluid clearance was 
measured in wild type mice (n - 5) and TNF-R 1 /TNF-R2 double knock out mice (a = 5) 
(Bruce et al* 1996). According to our previous studies, alveolar fluid clearance over 15 mm 
was measured by the increase in the final concentration of the alveolar protein tracer 
compared with the initial instilled tracer protein concentrations (Matthay et al, 1 996; Ma et 
al., 2000). 

B&Mz For the ex vivo experiments, 31 Sprague-Dawiey rats (300 to 350 g) were 
tracheotomized and mechanically ventilated (40% oxygen in air) under isoflur&ne anesthesia. 
ITje experimental protocol was reviewed and approved by the Ethics Committee for Animal 
Research and by the Veterinary Office of our institution. The femoral vessels were eannulated 
for blood sampling, fluid replacement, and continuous arterial blood pressure monitoring. 
Following anticoagulation (L5 ru/g i.v. heparin), 20 ml of blood were withdrawn and 
replaced by an equal volume of dextran-40 (Macrodex 10% in normosaline) to serve as 
priming volume for the isolated perfusion circuit Hie heart-lung block was prepared as 
described by Ma at aL 2000, weighed and assigned to one of four groups. Each received a 
pretreatment consisting of either 0,9% NaCl (n » 12), TNFa (5 ug: n ~ 8k cyclic mu Ltip (1 
rng; n = 7) or cyclic mu serambl Tip (1 mg; n = 4), injected as 500 u.1 aliquots into the trachea 
at about ! cm above the earena, 5-10 minutes before starting reperfusion. The lungs were 
suspended* mechanically ventilated, and perfused at constant pressure with autologous blood 
as described by Ma et al y 2000. 

An inspiratory' and expiratory quasi-static pressure- volume (PV) curve was performed at 
the end of the 2-hour reperfusion period by inflating and then deflating the lungs at a constant 
rate (0.3 mi/sec) using an automated infusion pump, A sigh was applied in all groups every 1 5 
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minutes 10 minimize atelectasis formation. The blood pH was maintained between 73 and 7.5 
and, if necessary, corrected with sodium bicarbonate 8.4% or a change of the inspired CCh as 
required by the blood gas analysis. Every 30 minutes, a biood sample was collected for blood 
gas analysis as well as for hematocrit and electrolyte concentration. 

Inclusion criteria . Immediately following the start of reperfusion. the preparation had to 
fulfill three technical inclusion criteria: 

1) left atrial pressure (LAP) 5-10 mmfig; 

2) peak airway pressure (AWT) < 15 cmH 2 0; and 

3) pulmonary blood flow (PBF) > 10 ml/min. 

Subsequently, the included lungs that did not remain isogravimetric within 30 min of 
perfusion were excluded. The included lungs were then flooded with gentle intratracheal 
instillation of 2 ml normal saline and the recorded variables measured for 2 subsequent hours. 

Hiswlagical analysis . Random Sung samples were fixed for light and electron microscopy and 
analyzed by pathologists blinded to the lung's protocol group assignment. 

Statistical analyses . A two-way ANOVA was used to compare data between and within 
groups (repeated measures design), followed by Duncan *s multiple comparisons test if the 
analysis of variance resulted in a p-value < 0,05, 

RESULTS 

TNF mediates fluid resorption its the m situ mouse lung model by means of a TNF 
receptor-independent mechanism. 

Wild type TNF in C57/BL6 mice increased alveolar fluid clearance (AFC) by 24% 
(p<0.G5) over )5 min in the in situ mice compared to controls (Figure 3)- TNF-R1/R2'" 
C57/BL6 mice showed an equivalent increase in AFC in control conditions as well as in the 
presence of TNF, strongly indicating that receptor-independent effects of TNF are responsible 
for die enhanced fluid clearance in this mode] in mice. 

Cyclic mu Ltip induces a significant weight loss in flooded perfused rat lungs* 
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In order to validate the hypothesis that receptor-independent effects predominate in the 
fluid resorption capacity of TNF, we compared the effects of an intratracheal presentment 
with (j ) cyclic mu Ltip, a 1 7 amino acid mouse TNF-dcrived peptide that does not bind to the 
TNF-a receptors and that mimics the Na*-channd activating effect of TMF or (2) a scrambled 
peptide (cyclic mu scrarabl Tip) displaying the same amino acids but in a random order, with 
(3) the native protein in a volume-controlled isolated blood perfused rat lung model. Based on 
relative potencies in activating sodium currents m vitro (rlribar et aU 1999), the lungs were 
treated with 5 pg ofTNF and with I mg of the peptides. 

During the first 15 minutes of reperfusion, lung weight increased similarly in the four 
treatment groups, due to the filling of the pulmonary vaseulaoire imposed by the respective 
predetermined vascular (MPAP and LAP) and airway pressure gradients (AWP and PEEP) 
(NaCi-group: -0.69 ± 0,46 g; TNF-group -M> r S? ± 0.60 g; cyclic mm Ltip-group: 40.80 ± 0.6 L 
g; cyclic mu scrambi Tip-group:, -H>.7I ± 0.50 g). Following stable perfusion conditions for 
1 5 minutes, alveolar flooding by intratracheal instillation of 2 ml normal saline (time 0 in 
Figure 4) produced a further acute increase in lung weight of 1-9 g without modifying the 
perfusate "S characteristics and pulmonary hemodynamics. In contrast, there was a marked 
change in dynamic lung mechanics observed similarly in all treatment groups, demonstrated 
by a two-fold increase in peak insufflation pressure, a 60% reduction in dynamic lung 
compliance (C^ tt ), and a 75% increase in expiratory airway resistance (Raw) (Figure 4). 

Following alveolar flooding, lung weight increased slightly though not significantly over 
time in NaCl -treated lungs (mean weight gain, ± 0.09 g). in contrast lungs pretreated 

with the cyclic mu Ltip peptide progressively decreased in weight (p < 0.001), and were 
statistically different from saline-treated lungs aiter 45 minutes of reperftision (Figure 4). At 2 
hours, the lungs in this group had lost approximately half of the intratracheal instilled saline. 
In contrast lungs pretreated with TNF or cyclic mu scrambi Tip peptide showed no 
significant change in weight over time. 

Improvement of respiratory parameters upon cyclic mu Ltip treatment. 

Peak AWP, Qy«* and R* w of the "NaCl-pretreated group remained stable aiter alveolar 
flooding, showing no significant change over time (Figure 4). Similarly, for the TNF-a- and 
cyclic mu scrambi Tip-pretreated lungs there was no difference from the saline-treated group, 
in contrast, cyclic mu Ltip*pretreated lungs showed a progressive improvement in lung 
mechanics following alveolar flooding during reperfusion (p < 0.001 for ail three measured 
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variables) (Figure 4), These changes were statistically significant compared to NaCI -treated 
lungs after 1 5 minutes for C dyn , and at 60 minutes for peak AWP, but did not reach statistical 
significance for R aw . 

Figure 5 shows the quasi-static airway PV curves obtained at the end of the study. In 
NaCRreated lungs, alveolar flooding produced a severe decrease in the slope of the initial 
inspiratory limb of the curv e (Le. a reduced static inspiratory lung compliance), up to a sharp 
inflection point situated at 22,6 ± 1,9 cm H-O obtained after only L5 ml of inflated volume. 
Thereafter, a. continuing rise in inflation pressure with volume opened the flooded and 
collapsed lung abruptly. The expiratory limb of the PV curve was not altered compared to 
control normal lungs (data not shown). Fretreatmeot of the lungs with TNF-a did not 
significantly influence the initial slope of the PV curve, but shifted the second part to the left 
(lower inflection point, 20.0 ± 0*8 cmHbO; p < 0.05 compared to the NaCI group). 
Pretreatment with cyclic mu Ltip consistently ameliorated the whole inspiratory curve, with a 
lower inflection point at 17.2 ± L6 cmHbO (p < 0.05 compared to both die NaCI md TKF 
groups) obtained at an inflation volume of 3.4 ± 0.9 ml denoting an improved static 
inspiratory lung compliance. The expiratory part of the curve was not influenced by TNF- a 
or cyclic mu Ltip pretreatment, indicating that once fully recruited, the lung recovers its 
normal elastic recoil properties manifested during the deflation curve, that is independent of 
the amount of alveolar fluid. 

Cyclic mu Ltip does not cause leukocyte sequestration in the treated lungs. 

As shown in Figure 6b* hematoxyltn-stained slices of lungs pretreated with mTNF-a 
showed a significantly increased leukocyte infiltration, as compared to controls (Figure 6a). In 
contrast lungs pretreated with cyclic mu Ltip did not show this increased leukocyte 
infiltration (Figure 6c% indicating that, in contrast to TNF-a, cyclic mu Ltip peptide does not 
exert a proinflammatory' reaction in the lung, 

Electron microscopy analysis of TN F-a-pretreated lungs reveals prominent numerous 
endothelial flaps (white arrow) proiracnng in the vascular lumen around an erythrocyte (E). 
numerous cytoplasmic blebs of the pneumocyte 1 (black arrow BA) T and tubular myelin 
surfactant (S) in the alveolar space (Figure 7a). This particular microscopic pattern is not 
found in cyclic mu Ltip-treated lungs (Figure 7b) and is also less evident in cyclic mu scrambt 
Tip-treated or saline treated lungs (Figure 7e T d1 compared to TNF-a instillafion (Figure 7a). 
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In al! analyzed lungs, there is an increased number of pinocytic vesicles in endothelial cells 
and pneumocytes, 

DISCUSSION 

Active Na" transport across the alveolar epithelium in vivo was proposed to help the 
reabsorption of fecal fluid after birth and to keep the adult alveolar spaces free of fluid, 
especially when alveolar permeability to plasma proteins has been increased (Matthay et aL, 
1 996). Epithelial Na + channels represent the rate-limiting step in Na* absorption (Matalon et 
aL 1999; Hummler et al, 1999). Different types of channels have been described on alveolar 
type II epithelial cells and fetal distal lung epithelial (FDLE) cells. The results of in vivo and 
in vitro studies indicate that ions in the alveolar lining fluid passively diffuse into FDLE 
and alveolar type II cells through non -selective cationic channels and Na 1 selective, 
amiloride-sensitive channels located in their apical membrane. The favorable electrochemical 
driving force for Na"* influx is maintained by the ouabain-sensitive basoiatetal Na^-lC- 
ATPase that also transports Na* into the interstitial space [Matalon et a/., 1999). 

Hydrostatic pulmonary edema is a common complication of congestive heart failure, 
resulting in substantial morbidity and mortality (JCocmer et aL< 2001; Fromm et al^ 1995). In 
addition, acute pulmonary edema or .pulmonary reimplantation response frequently occurs 
after lung transplantation (Khan et aL* 1 999), and is caused by ischemic vascular injury of the 
allograft, resulting in increased permeability of the lung after reperfusion, in turn leading to 
interstitial and alveolar edema. Most patients with ARDS or acute lung injury also have a 
dramatically decreased edema resorption capacity, correlating with morbidity and higher 
mortality (Ware et a/-, 2001). 

Recently, P2-adrencrgic agonists, such as terbutaltne, have been shown to resolve 
hydrostatic edema very efficiently in both sheep and rat models (Frank et aL, 2000). 
However, long-term P2 adrenoceptor agonist therapy leads to a desensitization of pi 
adrenoceptor-mediated cardiovascular and noneardiovascular effects in humans in vivo (Poller 
ei aL, 1998) and may lead to tachyphylaxis in asthmatic patients (Brodde et al., 1985). 
Therefore, in these patients there should be an evaluation of alternative agents. The TNF- 
derived tip peptide could represent such an alternative, since it is not likely to interfere with 
p2-adrenoreeeptor$ and it may activate sodium channels in type II lung epithelial cells. At this 
time, the potential effect on type I alveolar epithelial cells can however not be excluded. 
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TNF was shown to increase sodium uptake in the A549 type II alveolar epithelial 
cell line {Fufcuda ei a/ M 2001). This effect was suggested to imply both TNFa recepror- 
dependent and -independent activities, indeed, on the one hand antibodies directed against 
TNF-R1 and TNF-R2 efficiently blocked this effect, but on die other hand, a mouse TNF 
mutant lacking its lectin-like activity, which still efficiently mediates most of the receptor- 
mediated effects (Lucas et a!., 1997). lacked the sodium channel activating effect in vitro and 
when given to rats (Fukuda el aL r 2001). The results in this study in an in vivo mouse mode! 
and an ex vivo rat lung model indicate that TNF receptor-independent effects predominate in 
the cytokine's fluid resorption activity. Indeed, in mice that lacked both TNF receptors (Bruce 
et al„ I996) ? mouse TNF had the same efficiency in increasing fluid resorption as in wild type 
animals. Moreover, the Ltip peptide efneiendy induced weight loss [n the ex vivo flooded 
perfused rat lung, without exerting the TNF receptor-mediated pro-inflammatory activities 
that lead to leukocyte sequestration. 

Physiologic, clinically relevant parameters were measured as indirect evaluation of 
edema clearance in the model of isolated, ventilated and blood perfused rat lung. After 
alveolar flooding, peak inspiratory pressure immediately increased in the lungs in all groups 
and provided an indirect indication of the volume of edema remaining in ihe alveoli. 
Increased intratracheal pressures during mechanical, constant volume ventilation can reflect 
bronchocon stricti on. atelectasis formation, pulmonary edema, or restricted lung volume that 
appears after alveolar flooding. 

The isolated perfused lung is subject to atelectasis and we therefore chose to apply a 
sigh every' 15 minutes. We have no reason to suspect a bronchoconstrictive phenomenon in 
this model which lacked physiological innervation, and the amelioration of intra -tracheal 
pressure in the treated group suggests an effect of the cyclic mu Ltip peptide on the amount 
of alveolar edema. The dynamic compliance and airway resistance are other indirect but 
clinically relevant measurements which demonstrated the efficacy of the pre-treatment with 
the TNF-tip peptide compared to both TNF and control pre-treatrnents. 

The change in lung weight is another method for measuring lung edema clearance. 
The advantage of using an isolated lung was the ability to continuously measure the lung 
weight throughout the experiment. The lung weight varies depending on the amount of 
vessels recruited and filled with blood. Our model allowed us to maintain this vascular 
recruitment constant throughout the experiment by fixing and controlling both the perfusion 
pressure and the left atrial pressure. Evaporation was minimized by humidifying the lung 
chamber. 
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The weight lass associated with cyclic rnu Ltip pretreatment correlated with the 
reduced intratracheal pressures, the parti a] recovery of baseline lung dynamic compliance and 
therefore with an increase in alveolar fluid clearance. The continuous monitoring of all 
clinical parameters showed a continuous amelioration of the lung mechanics of the pepttde- 
treated group throughout the entire experiment. 

One major observation of this study was that cyclic mu Ltip peptide showed an 
edema resorption effect, whereas TNF was only slightly different from NaCL 

The tip peptide of TNF was shown not to exert the TNF receptor-mediated pro- 
inflammatory activities, such as ispregulation of 1CAM-1, or induction of E seleetin in 
microvascular endothelial cells (Hribar et aL* 1999). Moreover, in a parallel study using a 
Krebs-Henseleit buffer perfused isolated flooded rat lung model, we could show a significant 
fluid reabsorption activity of TNF, indicating that in the isolated rat lung, blood components 
can inhibit or counter-act this cytokine effect (Braun ei al„ manuscript in preparation). 

In conclusion, this study indicates that receptor-independent activities of TNF, mediated 
by its lectin-like domain, predominate in its edema resorption activity in a model of alveolar 
edema in mice and rats. 
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Figure 3: 

Effect of TNF-R1./TNF-R2 double knock-out on basal and TNF-stimulateri alveolar fluid 
clearance in mice. *p>0.05 versus basal clearance. 
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Figure 4: 

Effect of intratracheal pretreatment with saline (o, n ~ II ), TNF (•« n = 7), cyclic mu Ltip 
0,0 = 5) or cyclic mu scrambl Tip (V, n = 4) on weight changes (A) and lung mechanics 
(B-D) in isolated rat lungs before and after (time = 0) alveolar flooding with 2 ml normal 
saline and subsequent reperfusion for 2 hours. Data points represent mean £ SE values; * p < 
0,05 compared to saline group. 
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Figure 5: 

Effect of intratracheal pretreatment with saline (o, n = 5) r TNF ii — 4) or cyclic rnu Lfcip 
(A, n = 4) on quasi-static inspiratory (upper panel) and expiratory (lower panel) pressure- 
volume curves in isolated rat lungs at the end of lung reperfusion for 2 hours following 
alveolar flooding with 2 ml normal saline. Data points represent mean ± SE values; * p < 
0.05 compared to saline. 
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Figure 6: 

Lung histology of representati ve rat lungs pretreated wilh normal saline (A), TNF (B), cyclic 
mu Ltip (C), or eyciic mu scrambl Tip (D), followed by alveolar flooding with 2 ml normal 
saline and subsequent lung reperfusion for 2 hours. Hematmylin-cosin; magnillcauon: 40x, 
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Figure "h 

Electron micrographs illustrating increased alveolar epithelial surface and epithelial blebs in 
representative rat lungs pretreated with TNF (a), cyclic mu Ltip (b), cyclic mu scrambl Tip 
(c), or normal saline (d) followed by alveolar flooding with 2 ml normal saline and 
subsequent lung reperrusion for 2 hours, (a): prominent numerous endothelial flaps (white 
arrow) protracting in the vascular lumen around an erythrocyie (E). Numerous cytoplasmic 
blebs of the pneumocyte I (black arrow). Tubular myelin surfactant (S) in the alveolar space, 
(b): absence of significant endothelial flaps (white arrow) or epithelial blebs (black arrow); 
slight edema of the pneumocytes type I (black arrow) and endothelial cells (white arrow), (c): 
endothelial flaps (white arrow) and epithelial blebs (black arrow) less evident than in (a), (d): 
slight focal edema of the pneumocytes 1 (black arrow) and endothelial cells (white arrow): 
minimal amount of flaps or blebs, a-d: original magnification 9800 
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Example 5: 

In vitro tissue culture model to examine alveolar epithelial fluid transport 
Introduction 

TNF-a derived peptides have proven to enhance alveolar liquid clearance in several animal 
models of non-cardiogenic edema (acute ischemis/reperfusion; lung tsotransplantation). 

Resolution of alveolar oedema results from the directional water transport across the lung 
epithelial cell layer. The alveolar epithelium is mainly composed of two major epithelial cell 
types referred to as the type I and type II cells, both types express transport proteins and can 
be involved in the regulation of volume and electrolyte composition of the alveolar lining 
fluid. The polarized monolayer exhibits a functionally distinct apical and basolateral 
membrane. There is strong evidence that ion transporters for sodium, chloride as well as the 
Na'K ATPase pump are important in creating an osmotic driving force across the epithelial 
monolayer 



Description of the model 

Airway epithelium is classified as "tight" epithelium, which refers to their degree of 
paracellular junction tightness, which provides a route for passive ion permeation, in "tight" 
epithelium the junctions have a low conductance and show high electrical resistance, it is 
usually assumed that-night" membranes with regard to ion transport, also have a low water 
permeability, with water transport and ion transport being interdependent 

A tissue culture monolayer system that mimics some aspects of the alveolar epithelial ceil 
layer in iung tissue is created using either freshly isolated rat alveolar epithelial cells or the 
human epithelial type IJ-like cell line A549 tn a Transwell system. 

Water transport from the apical to the basolatcral side of the cell layer is monitored by 
measuring changes in the concentration of fluorescent] y labeled BSA-Alexa48S and/or 
dextran-TMRM 70000MW in the upper chamber of the Transwell system. These high 
molecular weight compounds are not able to passively diffuse (permeate.) across '"tight/ * cell 
monolayers, thus changes in their concentration are due to liquid transport. An increased 
concentration of the fluoreseendy labeled molecules in the upper chamber of the Transwell 
indicates netto water transport from the apical to the hasolateral solution. 



Rat primary epitheliaT 
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Materials and methods 

TNF«a derived peptides and control compounds 

Table 3 summarizes the characteristics of the TNF-a derived peptides used in this transwell 
model: 



Table 3: 



IGP859 


huTNF 


CGQRETPEGAEAKPWYC 


Cyclic human Ltip (cycl. hum Lttpl 


TGPI 81 i 


huTNF 


CGQRETPEGaEAKPWY 


Linear human Liip ( lin.hum Ltip) 


IGP1816 


MoTNF 


CG P KDTP EGA ELK P WY 


Linear murine Ltip {lin. mu Ltip 


IGPIS13 


huTNF 


TPEGAEAC 


Linear short tip ( lin. sTip) 1 


1GP 693 


huTNF 


CTPEGAEAC 


Cyclic short tip (cycl. sTip) 


JGP 698 


moTNF 


CGPKDTPEGAELICPWYC | Cyclic murine tip (cycl. mo Ltip) 


IGP1S22 


huTNF 


CGQRET AEGAEAKPWYC I Cyclic human P mutant 


IGP1843 


huTNF 


CGQR ETA EG AE A KPWYC | Linear human P mutant 



The TNF-a derived peptides were applied to the apical side of the cell monolayer at a 
concentration of 1 2,5 jxM . As a positive control, 1 00 £iM terhutaline (&igma) was used. 

Cells 

Isolation of primary* Ium> evithetial tvge U cells from rat/Pobbs et aLJ986): 
ATI! cells were isolated from pathogen-free female Sprague-Dawley or Wistar rats weighing 
ISO to 200 g (obtained from Elevage Janvier). Pooled cells from 3 rats were prepared as 
follows. Rats were anesthetized intraperitoneally with an injection of pentobarbital (30 
mg/kg) and heparin (ip 6I25U/g). After a tracheotomy was performed the animal was 
exsanguinated by cutting the renal artery. Solution II (140 mM NaCI, 5 rnM KCL; 2.5 mM 
sodium phosphate buffer, 10 mM Hepes ? 2roM CaCb ? and 1 .3 mM MgS0 4 . pH 7.4) was 
perfused through the ventilated lungs via the pulmonary artery io clear the vascular space of 
blood. The lungs were removed from the thorax, filled with DM EM and lavaged to total lung 
capacity 7 times with solution 1 (140 mM NaCL 5 mM KCL: 2.5 mM sodium phosphate 
buffer. 10 mM Hepes. 6mM D-glucose and 2 mM ethylene glycol-bis (Beta-aminoethyl 
ether)-N 3 N^N%N"-feiraacetjc acid) and 3 times with solution II. Lungs were then filled with 5 
ml elastase solution (Worfhiogton Biochemical Corporation; 1.7 rng/ml in solution II) and 
incubated in a water bad at 37 P C for 10 min, followed by 2 additions and 10 minute 
incubations of 5 ml elastase solution- The lungs were minced in ;he presence of DNAse L ? and 
• 5 ml of FBS were added to stop the effect of eJastase. The lungs were then sequentially 
filtered through 150- and 30 uM nylon mesh. The filtrate was centrifuged at 330 g for S min. 
The cell pellet is resuspended in DMEM and the ceils are seeded in bacterial plates and 
incubated at 3? 5 C to remove lung tissue macrophages by differential adherence. The 
supernatant is collected, the cells are washed and plated at L2 xlO 6 cells/cm 2 in DMEM high 
glucose with i%BSA. Penicilhn'streptomycin, 5 ug/ml gentamycin. Every 2 days the medium 
is changed.The yield of rat alveolar epithelial type II cells is between 2 and 4 X 10 ? 
cells/rat. (Protocol approved by the local animal ethical committee (02.R005. S ) 



-30- 



845509 



LUCAS et al. 

Appl. No. 09/779,703 



Humor} A549 cells ATCC CCL-1S5 

A549 human type IWike epithelial lung cells were purchased from the ATCC. The cells were 
grown as monolayers in tissue culture flasks in Ham's F12K medium supplemented with 10% 
FBS, 

Transwell culture and experiments 

Freshly isolated rat lung epithelial type II cells were seeded on the upper surface on 
permeable filters in Transwell tissue culture plates. Upper and lower chamber of the plates are 
separated by a translucent polyethylene terephtalate (PET) (Falcon) or polyester (Costar) filter 
with a 0*4 jxM. pore size, L2 xlO* cdls/cnr were seeded on the filter in DMEM with !%BSA 
and cultured for 8-12 days to obtain confluency and differentiation to a polarized monolayer. 

A549 cell monolayers in tissue culture flasks were harvested with trypsin (0.25%) and EDTA 
(0.1%) in PBS 7 cenerifuged and resuspended In fresh medium prior to culture on the upper 
surface on permeable filters in Transwell tissue culture plates. 10 5 cell stem* are seeded in 
Ham's F12K medium with 10% FBS and cultured for 6-10 days to obtain confiuency and 
differentiation to a polarised monolayer. 

Permeability of the cell monolayer was checked in 3 control transwells by dextran blue 2000. 
Dextran Blue 2000 {!%) was added to the upper chamber of the transwell culture and 
incubated at 37 C C for 2 hours. After incubatipn the amount of dextran blue in the upper and 
lower chamber of the transwell is determined, measuring the absorption at 620 ran Only when 
there wm no permeauon of dextran blue across the cell monolayer, the transwells were used 
for analysts of water transport across the cell monolayer. 

12.5 uM of INNO20! and its derived peptides or 100 iiM terbutaline were added to the apical 
side of the monolayer, in growth medium with ! %B3A. 50tig/ml BSA-Alexa4S8 and 20 
ug/ml Dextran TMRM. in the lower chamber growth medium with 1%SSA was used. All 
conditions were performed in triplicate. The transwells were incubated for 4 hs at 37°C. 
Fluorescence intensity of the upper chamber solutions was measured on a plate reader 
(Packard). 
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Fig, 8: rAEC monolayer (12days) 
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Results 

Fig 8 summarizes the results of a transwdl experiment with a celi monolayer from primary rat 
alveolar epithelial cells (rAEC). Freshly isolated rABC were grown in the transwell culture 
for 12 days, The results clearly demonstrate that all the peptides tested, including the short 
peptides (8AA -IGP693; 7AA ~ IGP 1813) and the P-mutants (IGP 1S22 and.JQP 1843) were 
equally effective in inducing netto water transport from the apical to the basolateral side of the 
epithelial monolayer. 



8. I believe that Example 1 above clearly demonstrated that hum Ltip, as a 
cyclic peptide or in its linear conformation, as well as the shorter peptide Stip are 
capable of clearing alveolar fluid content ex vivo after intratracheal instillation of the 
molecule when testing in an artificial model of hydrostatic edema simulating the 
symptoms seen in heart failure. The lectin-deficient peptide (hum mut Tip), wherein the 
TPEGEA is replaced by APAGAA is inactive in clearing alveolar fluid content, again 
demonstrating that the residues T,E,E are essential for the effect. 

9. In a warm ischemia/reperfusion model (Example 2), animals treated with 
the hum Ltip peptide have significantly much better p02 levels compared to the control 
animals or animals treated with the hum mut Tip peptide. This clearly indicates that the 
hum Ltip treated animals are suffering less from fluid overload and edema has been 
treated. 

10. Hum Ltip given by intratracheal application efficiently restores the lung 
function of the donor lung in a transplantation model (Example 3). 

11. The results obtained in the in situ mouse lung model (Example 4) again 
clearly indicate that TNF-a mediates fluid resorption by means of a TNF-receptor 
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independent mechanism. It is further also demonstrated that cyclic murine Ltip induces 
a significant weight loss in flooded perfused rat lungs as well as an improvement of 
respiratory parameters, without inducing a pro-inflammatory reaction in the lung. 

12. In Example 5, several TNF-derived peptides (human Ltip, murine Ltip, the 
short peptide Stip and a mutant hum Ltip peptide in which the P residues at position 106 
is replaced by an A residue (P106A), both in their cyclic and linear conformation) were 
tested in an invitro tissue culture model to examine their activity on alveolar epithelian 
fluid transport. All tested peptides were equally effective in inducing netto water 
transport from the apical to the basolateral side of the epithelial monolayer. 

13. It is my view that one of ordinary skill could make and use the claimed 
invention. 

I declare that all statements herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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